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Historically, surface inspection systems 
have been built on the adaptation of 
traditional camera technologies. This 

has consisted of looking for anomalies in a 
black and white image in a 2D landscape, 
and then using software technologies to 
automatically sort and classify them. This 
has been the basis for quality inspection, 
particularly in the metals industry, for the past 
two decades.

Within this landscape, the fundamental 
issues were relatively straightforward, with 
only one question to answer: how surface 
inspection system manufacturers optimise both 
the optical set-up and the software fi ltering 
technologies required to process hundreds of 
thousands of false detections, or non-critical 
pseudo-defects with the vision system. These 
pseudo-defects could be detections that are 
just standard anomalies within the product, or 
within the variability of the process. 

As a consequence, the surface inspection 
industry has spent a long time developing 

better ways to fi lter the massive amount of 
visual data being received. Once that data 
was fi ltered and the critical defects extracted, 
the debate for vendors was the best way to 
classify it. For AMETEK Surface Vision, the 
answer has been machine learning, where 
techniques such as decision tree classifi ers 
and support vector machine are used to 
classify defects.

In the past fi ve years, the most hotly 
contested battleground in surface inspection 
has been to deliver the highest camera 
resolutions possible. Over this period, camera 
resolution has gone from inspection areas 
measuring around 1mm in diameter, to current 
systems of about 100 microns resolution – 
which is approaching the limits of what the 
human eye can see. The expectation is that 
resolution will reach the 50-micron level, a 
point at which the process begins to move 
beyond surface inspection and into the realms 
of materials analysis.

However, that ‘arms race’ continues 

to this day, and all the leading inspection 
manufacturers have arrived at virtually the 
same point, in terms of resolution. The next 
evolution will be centered around increasing 
the amount of information produced, which 
will be a transition to additional sensor 
technologies, including utilising 3D inspection 
sensors.

The demand for 3D
What customers are requesting now is 3D 
measurement – either complementary to a 
system, or as a standalone solution separate 
from what 2D black and white cameras can 
achieve. In particular, they need to know 
more about the shape, severity, and origin of 
a specifi c defect. A defect might be above 
the surface, on the surface, or sub-surface. 
Understanding that depth of a defect would 
dramatically improve the accuracy of the 
defect classifi cation, and potentially provide 
critical information about pre-inspection 
production issues.
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in metal production 
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However, as this is a new frontier, what 
hasn’t yet been defi ned is exactly what that 
3D measurement means. Critically, we need 
to understand what it is that customers really 
want and need. So, while it is a desirable 
talking point, implementing 3D technology 
techniques currently requires a signifi cant 
increase in cost of any surface inspection 
system. This means there’s a balance to be 
reached between system cost and customer 
requirements and expectation. What is the 
satisfactory level of 3D performance required 
to meet and improve inspection requirements, 
while still falling within a price-point that the 
customer is willing to pay?

There’s an assumption from customers 
that if they know and understand the 3D 
topography of a product, it will dramatically 
increase the value proposition of the vision 
system information. Of course, producers 
would love to measure everything, but this 
currently means installing a dramatically more 
expensive system. Nonetheless, we should 

anticipate seeing this cost-performance 
balance being reached somewhere within the 
next fi ve years.

3D measurement technologies
Without determining where the balance 
between performance and cost lies, it’s 
diffi cult to know which kinds of 3D technology 
is likely to dominate the fi eld. There are plenty 
of candidates in development and deployed 
to beta sites. 

For example, two cameras can be used 
to create a stereoscopic image, creating an 
image with 3D characteristics that is similar 
to the human eye. This doesn’t give the most 
accurate measurement, but it is cost-effective, 
and usually good enough to determine if a 
defect is on the product or penetrating below 
the surface.

A handful of other methods exists. For 
instance, a more accurate method projects 
a fi ne laser line across the surface of the 
material, with a matrix array camera looking 
for the displacement of the laser, but this 
technology comes at a premium cost. 

But without common agreement on the 
level of specifi cation required, it will be 
diffi cult to understand which technology 
will become the most likely candidate for 
adoption. Do customers need to measure 
the depth of a 100-micron pit, or is it simply 
enough to know that the pit exists? Academia 
and customer research teams have ways to 
measure this in a lab, but no-one has scaled it 
up to a production environment yet. Once this 
is done, it could be transformational.

In terms of adopting 3D technology, the 
order is likely to follow a similar pattern as the 
original early adopters of surface inspection 
systems. We should expect to see the early 
drivers being aerospace, automotive and 
electronic handheld device manufacturers.

Benefi ts for hot materials and 
oxidation
A particular driver for 3D 
– particularly in the steel 
and aluminum production 
– is the inspection of hot 
materials: caster, slab, 
ingot and hot mill.

3D is particularly for 
these hot process for two 
reasons.  Firstly, it provides 
additional detailed 
information for small and 

subtle cracks; 
secondly, it 
enables us to 
distinguish scale 
from underlying 
defects

With a 2D black & white 
camera, the surface just looks like it has a 
lot of optical noise. With 3D, the operator 
would quickly understand the gouges and 
scratches underneath that. 3D will essentially 
detect issues that are invisible, or at least 
undefi nable, in a 2D visual inspection 
technique.

Artifi cial intelligence
Just as 3D inspection is about delivering an 
incremental increase in detection capabilities 
above that available in visual inspection, the 
industry is looking at artifi cial intelligence (AI) 
for the next step forward in data handling and 
analytics.

Machine learning systems for classifying 
surface defects have led the way over the last 
15 years. This is predicated on assembling 
information – sometimes hundreds or 
thousands of images – and running them 
through decision tree classifi ers to create 
purpose-built classifi cation for specifi c 
applications, such as the hot mill, cold mill, 
galvanising line or pickling line.

These systems are trained and can “self-
learn”, which happens by customers sorting 
defect images into groups, and then feeding 
them into self-learning classifi ers that can 
learn about each group.

Changing production grades means 
building a whole new classifi er, and if you’re 
on an automotive galvanizing line you may 
have between fi ve and 10 discrete recipes, 
each created from the ground up. Since 
material and machine can both change over 
time, it’s a never-ending cycle of testing and 
optimising the classifi ers.

Jason Zyglis* looks at the future 
of surface inspection systems for 
the metals industry
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Artifi cial Intelligence (AI) could help 
minimise the number of iterative classifi cations 
that a customer has to set up. This would 
make it much easier for less experienced 
users to get the most out of their surface 
inspection data, and dramatically reduce 
the time spent fully optimising an inspection 
system.

Analytics and big data
Surface inspection companies are essentially 
data businesses. With thousands of cameras 
in operation, each recording terabytes 
of data per day, an incredible amount of 
information is created and archived.

However, because of the need to fi lter 
the data and provide only the information 
needed to identify the relevant defects, almost 
all of it is thrown away. This means a lot of 
contextual information is ignored. This unused 
data may be useful in understanding more 
than just defects: it could inform the customer 
about developing issues with the product or 
equipment.

The potential is exciting; for instance, if 
you could take hundreds or thousands of 
individual inspections, and virtually stack 
them one on top of the other, what patterns 
might you see, and what could you learn 
about your process? The data could help 
you optimise where you allocate your 
production, let you schedule your material 
more effectively, make mechanical changes 
to the process, or metallurgical changes to 
the recipe.

It could also support a more predictive-
based approach to maintenance, for instance 
informing you your machine may have a 
problem in three weeks, because it can spot 
early indications of a problem that hasn’t 
visibly manifested itself elsewhere in the 
process.

Currently this level of data is just too much 
for systems to manage. And while surface 
inspection vendors are not going to be the 
players in “big data” aggregation, because 
our focus is more on the sensor technology, 
there may well be opportunities in the future 
to make our data more valuable to the 
customer.

Industry 4.0
Industry 4.0 and the Internet of Things (IoT) 
are now frequently used buzzwords in the 
marketplace. At a corporate level it’s very 
appealing, especially in an industry like 
steel where they are transitioning to a high-
tech, data-driven approach to a traditional 
industry.

However, talking to those who actually 
have to make sense of the information, and 
use it to run a steel mill, the case needs to be 
made more clearly.  Their primary concern 
is: ‘can I use this?’ The opportunity lies in 
getting the industry and the vendors to agree 
on a common meaning beyond buzzwords. 
Customers may ask “What’s your Industry 4.0 
solution for surface inspection?”, but without 
any common agreement, it’s an impossible 
question to answer.

Feedback
At base level, Industry 4.0 is much more 
about feedback. It’s about predictive 
maintenance on a machine, allocating 
resources and standardising equipment. 
Customers are still making the same 
decisions, except that where you once had 
a spreadsheet with 50 parameters, now you 
have millions of data points. That’s where AI 
scales and make sense of that data stream 
coming at you.

Job-specifi c training
Many heavy industries, including metals, 
have become less directly skilled, with 
many experienced engineers now entering 
retirement. Accordingly, facilities are training 
people for specifi c job functions, which 
means these roles are turning into offi ce-
based positions. AI will compensate for this 

skills gap, because the systems themselves 
will diagnose problems and tell users what’s 
trending.  Instead of independent systems, a 
community of systems will share cloud-based 
information, which will inform better decision-
making.

As surface inspection vendors, our role will 
be to provide more meaningful information at 
the sensor level.

Conclusion
Right now, the lack of certainty around 
specifi cations and requirements is the biggest 
problem facing surface inspection in taking 
the next big leap forward in data analysis.

When customers ask, “What do you 
have that’s Industry 4.0?”, they are looking 
for solutions, but the lack of standardisation 
means – even with the best of intentions – 
vendors run signifi cant risks of selling solutions 
that don’t address customer needs.

The foundation of “what are we 
attempting to do here?” hasn’t been defi ned. 
So rather than have a wasted decade with 
vendors throwing ideas at the wall and seeing 
what sticks, it will be better for all parties if 
individual producers, industry organisations 
and web inspection suppliers can sit down 
together and defi ne the specifi cations, 
requirements and expectations. The industry is 
going to have to coalesce around a defi ned 
set of industry expectations and standards, 
and that will inform the path forward. 

If leading suppliers – and there are only a 
few of them – can work together, it will be for 
the benefi t of all. They can fi ght over market 
share, as they always have, afterwards.

* Divisional VP of project and product 
management, AMETEK Surface Vision
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